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Abstract: A rhamnolipid producing bacterium, Pseudomonas aeruginosa was isolated from contaminated soil with 
oily wastes. The Pseudomonas aeruginosa has grown with glucose and corn oil as a carbon source produced 
biosurfactant. This biosurfactant was purified by procedures that included chloroform-ethanol extraction and 0.05M 
bicarbonate treatments. The active compound was identified as rhamnolipid by using thin layer chromatography. 
The biosurfactant efficacy was tested on coconut oil, groundnut oil, sunflower oil and olive oil. The coconut oil 


responded better and gave a maximum level of Icm than the olive oil, groundnut oil and sunflower oil. 
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1. Introduction 


Biosurfactants are amphiphilic compounds 
produced on living surfaces, mostly microbial cell 
surfaces or excreted extracellularly. It contains 
hydrophobic and hydrophilic moieties that reduce 
surface tension and interfacial tensions between 
individual molecules at the surface and interface 
respectively. Well known synthetic surfactants are used 
for a wide variety of purposes, such as emulsification, 
foaming, detergency, solubilization, wetting and 
spreading. Almost all surfactants currently in use are 
chemically derived from petroleum. However, the 
interest in microbial surfactants has been steadily 
increasing in recent years due to their diversity, 
environment friendly characteristics, the possibility of 
their production through fermentation and _ their 
potential applications in such areas such as the 
environmental protection, surface crude oil recovery, 
health care and food processing industries (Zajic & 
Steffens, 1984). Biosurfactants have the following 
advantages compared with chemical surfactants; lower 
toxicity, higher biodegradability (Swisher, 1970), better 
environmental compatibility (Parkinson, 1985), higher 
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foaming (Haferburg et al., 1986), higher selectivity and 
specific activity at extreme temperature, pH levels and 
salinity. Most biosurfactant studies have used bacteria 
grown on hydrocarbon substrates. Few workers have 
utilized carbohydrates (Suzuki et al., 1974; Cooper et 
al., 1981). Pseudomonas aeruginosa has been one of 
the most widely studied biosurfactants. Several 
rhamnolipid biosurfactants produced by Pseudomonas 
aeruginosa strains have been characterized (Edwards 
and Hayashi, 1965; Hirayama and Kato, 1982; 
Hisatsuka et al., 1971). Reiling et al., (1986) developed 
a continuous production of Pseudomonas aeruginosa to 
achieve 2.25g rhamnolipids as an L-rhamnose for 
scientific and industrial purposes. In this paper, we 
consider the production and test for the efficacy of 
extracting biosurfactants on different oil samples. 


2. Materials and Methods 


Pseudomonas aeruginosa was isolated from soil 
contaminated with oily wastes. The organism was 
maintained in nutrient agar slants in an atmosphere of 
37°C. The organisms were grown in 50ml sterile 
nutrient broth in a 250ml flask at 37°C. Erlenmeyer 
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flasks of 1000ml capacity containing 250ml of the 
mineral salt medium with glucose and corn oil as the 
carbon source were individually inoculated with 5ml of 
particular inoculums. The mineral salt medium (gl) 
contained: (NH4)2SO,4 (0.5945); FeSO4.7H2O (0.0001); 
CaCl).2H,O0 (0.002); MgSO..7H,0 (0.061); NaCl 
(0.124); Glucose (0.112); Corn oil (1.25ml) and 
phosphate buffer (250ml). The phosphate buffer 
contained: NaH,PO, (0.39) and Na,HPO, (0.35). The 
flasks were incubated in a rotatory shaker incubator at 
30°C for 72 hours. The culture so obtained was used for 
the extraction of biosurfactants. 

Rhamnolipid was recovered from the culture 
supernatant after the removal of cells by centrifugation 
at 6,800rpm for 20 minutes. The precipitate was 
dissolved in 25ml of 0.05M bicarbonate (pH 8.6) re- 
acidified and re-centrifuged at 12,000rpm for 20 
minutes. The precipitate was then extracted with 
chloroform-ethanol (2:1) three times and it is then 
concentrated by evaporation at room temperature to 
obtain a biosurfactant concentrate. Following the 
evaporation, the biosurfactant concentrate is dissolved 
in 25ml of 0.05M bicarbonate (pH 8.6). 

The homogenecity was checked and_ the 
identification was made by thin layer chromatography 
(TLC). Precoated TLC plates spotted with samples 
were developed with the following solvent systems 
chloroform: methanol: acetic acid (65:15:2 by volume). 
The compounds on the plates were visualized by 
heating after spraying with 2% anthrone solution in 
0.2% H2SO,. Identification was performed by running 
rhamnose standards simultaneously. 

Equal volumes of extracted biosurfactant in 0.05M 
Pseudomonas aeruginosa bicarbonate and the oil 
samples i.e., olive oil, coconut oil, groundnut oil and 
sunflower oil being tested (Sml+5ml) were taken in 
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screw cap tubes. These tubes were then vortexed well 
and incubated at room temperature. The tubes were 
examined periodically for a decrease in the thickness of 
the oil layers and hence an increase in the biosurfactant 
layer. Observations were made every | hour to 8 hours. 


3. Results 


Using an enrichment culture technique a 
biosurfactant producing soil bacteria was isolated and 
identified as Pseudomonas aeruginosa on the basis of 
various physiological and biochemical tests as 
described in Bergey's manual of determinative 
bacteriology (1974). The bacterium is gram-negative, 
motile, rod-like and grows aerobically. The enrichment 
of organism in the mineral salt medium incorporated 
with trace amounts of glucose and 0.05% corn oil act as 
a carbon source as well as to induce the biosurfactant 
production. Rhamnolipid was recovered from culture 
supernatant by centrifugation, precipitation with 
hydrochloric acid, purified by re-centrifugation and 
bicarbonate treatment. The purified samples were 
detected as one spot of the thin layer chromatography 
with the above-mentioned solvent systems (for detailed 
see the materials and methods section). The concentrate 
of biosurfactant obtained following extraction from the 
production medium was tested with 4 different samples; 
coconut oil, olive oil, groundnut oil and sunflower oil. 
When tested with coconut oil, the level of biosurfactant 
was found to increase by Icm in 8 hours which was 
found to be greatest among four samples tested. 
Following incubation with olive oil, groundnut oil and 
sunflower oil, the thickness of the biosurfactant layer 
was found to rise by 0.5cm, 0.3cm and 0.2cm in 8 hrs 
respectively (Fig. 1; Table 1). 
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Fig. 1. Test efficacy of four different oils. 
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Table 1. Test efficacy of four different oils 





Level of aqueous phase (Biosurfactants) at 
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Sh: Name oF pample QOQhour lhour 2hours 3hours 4hours 5hours 6hours 7hours 8 hours 
1 Coconut Oil 4 4 4.1 4.1 43 45 4.6 49 5.0 
2 Olive Oil 4 4 4 4.1 4.1 4.1 4.2 44 45 
3 Groundnut Oil 4 4 4 4 4.1 4.1 4.2 43 43 
4 Sunflower Oil 4 4 4 4 4.1 4.1 4.1 4.2 4.2 





4. Discussion 


The result obtained from the present investigation 
revealed the ability of Pseudomonas aeruginosa in 
producing biosurfactant in minimal media incorporating 
glucose and corn oil. During growth on Pseudomonas 
aeruginosa undergoes two distinct types of metabolism; 
exponential growth linked with amino acid catabolism 
and stationary growth linked with glucose metabolism. 
This behavior is known as reverse diauxic (Hamilton 
and Dawes, 1960). At this transition point, 
biosurfactant production was initiated. Rhamnolipids 
are also produced by Pseudomonas aeruginosa in 
media containing glucose or glycerol as a carbon 
source, particularly when the cells become limited for 
nitrogen (Guerra-Santos et al., 1986; Mulligan and 
Gibbs, 1989; Wagner et al., 1983), indicating that they 
may serve other roles besides being involved in 
solubilizing hydrophobic substrates. Like that of our 
study, primary isolation was made in nutrient broth 
followed by enrichment in minimal medium containing 
traces of glucose and 0.05% corn oil. Corn oil serving 
as the sole carbon source produces significantly 
increased levels of both cellular mass and rhamnolipids. 

The increase in rhamnose cannot be attributed 
solely to the presence of more cells since cell mass was 
2-3 times greater when corn oil was used. In addition to 
corn oil, other vegetable oils including soya bean oil, 
coconut oil and cottonseed oil result in similar cell 
growth and rhamnolipid production (Linhardt et al., 
1989). Several types of organisms are involved in the 
production of biosurfactant, but Pseudomonas 
aeruginosa has been reported by other workers as 
excellent biosurfactant producer and have been widely 
studied. Corn oil is readily available at low cost and its 
use as a carbon source in the absence of glucose avoids 
potential sugar contamination of rhamnose product and 
produces significantly increased levels of both cellular 
mass and rhamnolipid. This enrichment induced the 
production of biosurfactants. For the detection of 
rhamnolipids, four independent tests were carried out. 
These included the lowering of the interfacial tension 
(IFT) by rhamnolipids (Guerra-Santos et al., 1984), the 
detection of thin layer chromatography (Koch et al., 
1988), the haemolysis of erythrocytes by rhamnolipids 
(Johnson and Boese-Marrazzo et al., 1980) and the 
growth inhibition of Bacillus subtilis exerted by 
rhamnolipids (Itoh et al., 1971). 

In our present investigation, the complete 
separation of rhamnolipids was performed by TLC. The 
efficacy of biosurfactant concentrates extracted was 
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tested with four different oil samples viz; coconut oil, 
groundnut oil, sunflower oil and olive oil. The greatest 
activity was found in coconut oil followed by olive oil, 
groundnut oil and sunflower oil in the above sequence. 
In coconut oil, the production got increased Icm, 
emulsify. The thickness also increased in olive oil, this 
may be due to saturated fatty acids in olive oil and is 
hence relatively easy for the organism to act upon. The 
complete emulsification of sunflower oil would hence 
take a long time compared to the above mentioned 
saturated oils due to the longer time is taken for the 
organism to break down the unsaturated fatty acids. The 
addition of hydrocarbon forced the existing cells to 
produce high concentrations of biosurfactants. 


5. Conclusion 


The present study demonstrated the biosurfactant 
producing potential of Pseudomonas aeruginosa 
isolated from oil contaminated soil using corn oil as a 
sole carbon source. Extracted biosurfactant showed the 
emulsifying property. The ability of the produced 
biosurfactant to emulsify different oils is an important 
feature that can be used for bioremediation of oil spills. 
Due to efficient emulsification properties, it can be used 
in industrial and environmental applications. 


Acknowledgment 


We thank the Head, Department of Microbiology, 
The Oxford College of Science, Bangalore. 


References 


[1]. Cooper, D.G. & Zajic, JE. (1980). Surface-Active 
Compounds from Microorganisms. Adv. Appl. 
Microbiol., 26: 229-253. doi: 10.1016/S0065- 
2164(08)70335-6. 

[2]. Cooper, D.G., Macdonald, C.R., Duff, S.J.B. & 
Kosaric, N. (1981). Enhanced production of 
Surfactin from Bacillus subtilis by continuous 
product removal and metal cation additions. Appl. 
Environ. Microbiol., 42(3): 408-412. 

[3]. Edwards, J.R. & Hayashi, J.A. (1965). Structure 
of a rhamnolipid from Pseudomonas aeruginosa. 
Arch. Biochem. Biophys., 111(2): 415-421. doi: 
10.1016/0003-9861(65)90204-3. 

[4]. Guerra-Santos, L., Képpeli, O. & Fiechter, A. 
(1984). Pseudomonas aeruginosa biosurfactant 
production in continuous culture with glucose as 


33 


Biosurfactants production and its efficacy on different oils 


[10]. 


[11]. 


[12]. 


[13]. 


[14]. 


J. Adv. 


carbon source. Appl. Environ. Microbiol., 48(2): 
301-305. 

Guerra-Santos, L.H., Kappeli, O. & Fiechter, A. 
(1986). Dependence of Pseudomonas aeruginosa 
continuous culture biosurfactant production on 
nutritional and environmental factors. Appl. 
Microbiol. Biotechnol., 24(6): 443-448. doi: 
10.1007/BF00250320. 

Haferburg, D., Hommel, R.K., Claus, R. & 
Kleber, H.-P. (1986). Extracellular microbial 
lipids as biosurfactants. Adv. Biochem. Eng. / 
Biotechnol., 33: 53-93. doi: 
10.1007/BFb0002453. 

Hamilton, W.A. & Dawes, E.A. (1960). The 
nature of the diauxic effect with glucose and 
organic acids in Pseudomonas aeruginosa. 
Biochem. J., 76: 70 p. 

Harvey, S., Elashvili, I., Valdes, J.J., Kamely, D. 
& Chakrabarty, A.M. (1990). Enhanced removal 
of Exxon Valdez spilled oil from Alaskan gravel 
by a microbial surfactant. Bio/Technology, 8(3): 
228-230. doi: 10.1038/nbt0390-228. 

Hirayama, T. & Kato, I. (1982). Novel methyl 
rhamnolipids from Pseudomonas aeruginosa. 
FEBS Lett., 139(1): 81-85. doi: 10.1016/0014- 
5793(82)80492-4. 

Hisatsuka, K.-i., Nakahara, T., Sano, N. & 
Yamada, K. (1971). Formation of Rhamnolipid by 
Pseudomonas aeruginosa and its Function in 
Hydrocarbon Fermentation. Agricultural and 
Biological Chemistry, 35(5): 686-692. doi: 
10.1080/00021369.1971.10859987. 

Itoh, S., Honda, H., Tomita, F. & Suzuki, T. 
(1971). Rhamnolipids produced by Pseudomonas 
aeruginosa grown on n-paraffin (mixture of Cy, 
C,3 and Cy, fractions). J. Antibiot., 24(12): 855— 
859. doi: 10.7164/antibiotics.24.855. 

Johnson, M.K. & Boese-Marrazzo, D. (1980). 
Production and properties of heat-stable 
extracellular hemolysin from Pseudomonas 
aeruginosa. Infect. Immun., 29(3): 1028-1033. 
Linhardt, R.J., Bakhit, R., Daniels, L., Mayerl, F. 
& Pickenhagen, W. (1989). Microbially produced 
rhamnolipid as a source of rhamnose. Biotechnol. 


Bioeng., 33(3): 365-368. doi: 
10.1002/bit.2603303 16. 
Kappeli, O. & Finnerty, W.R. (1980). 


Characteristics of hexadecane partition by the 
growth medium of Acinetobacter sp. Biotechnol. 
Bioeng., 22(3): 495-503. doi: 
10.1002/bit.260220303. 


Lab. Res. Biol. 


[15]. 


[16]. 


[17 


[18 


[21]. 


[24]. 


[25 


= 


sy 


I. 


ra 


ay 


=“ 


. Zajic, 


Sarita et al 


Koch, A.K., Reiser, J., Kappeli, O. & Fiechter, A. 
(1988). Genetic construction of lactose-utilizing 
strains of Pseudomonas aeruginosa and their 
application in biosurfactant — production. 
Bio/Technology, — 6(11): 1335-1339. — dot: 
10.1038/nbt1 188-1335. 

Mulligan, C.N. & Gibbs, B.F. (1989). Correlation 
of nitrogen metabolism with biosurfactant 
production by Pseudomonas aeruginosa. Appl. 
Environ. Microbiol., 55(11): 3016-3019. 


. Parkinson, M. (1985). Bio-surfactants. Biotechnol. 


Adv., 3(1): 65-83. 
9750(85)90006-0. 
Rapp, P., Bock, H., Wray, V. & Wagner, F. 
(1979). Formation, isolation and characterization 
of Trehalose Dimycolates from Rhodococcus 
erythropolis Grown on n-Alkanes. Microbiology, 
115(2): 491-503. doi: 10.1099/00221287-115-2- 
491. 


doi: = 10.1016/0734- 


. Reiling, H.E., Thanei-Wyss, U., Guerra-Santos, 


L.H., Hirt, R., Kappeli, O., & Fiechter, A. (1986). 
Pilot plant production of rhamnolipid 
biosurfactant by Pseudomonas aeruginosa. Appl. 
Environ. Microbiol., 51(5), 985-989. 


. Robert, M., Mercadé, M.E., Bosch, M.P., Parra, 


J.L., Espuny, M.J., Manresa, M.A. & Guinea, J. 
(1989). Effect of the carbon source on 
biosurfactant production by Pseudomonas 
aeruginosa 44T1. Biotechnol. Lett., 11(12): 871- 
874. doi: 10.1007/BF01026843. 

Suzuki, T., Tanaka, H. & Itoh, S. (1974). Sucrose 
Lipids of Arthrobacteria, Corynebacteria and 
Nocardia Grown on Sucrose. Agr. Biol. Chem., 
38(3): 557-563. doi: 
10.1080/00021369.1974. 10861203 


. Swisher, R.D. (1970). Surfactant Biodegradation. 


Marcel Dekker, New York. 


. Van Dyke, M.I., Gulley, S.L., Lee, H. & Trevors, 


J.T. (1993). Evaluation of microbial surfactants 
for recovery of hydrophobic pollutants from soil. 
J. Ind. Microbiol., 11(3): 163-170. doi: 
10.1007/BF01583718. 

Wagner, F., Behrendt, U., Bock, H., Kretschmer, 
A., Lang, S. & Syldatk, C. (1983). Production 
and chemical characterisation of surfactants from 
Rhodococcus erythropolis and Pseudomonas sp. 
MUB grown on hydrocarbons. In: Zajic, J.E., 
Cooper, D.G., Jack, T.R., Kosaric, N. (Eds.), 
Microbial Enhanced Oil Recovery, PennWell 
Books, Tulsa, Oklahoma, pp. 55-60, 

JE, & W. Steffens, (1984). 
Biosurfactants. Crit. Rev. Biotechnol., 1:37—107. 


34 


